FIGURE 2. A, short name, schematic representation (green, p35S; blue, p40S), and mass based on amino acid sequence. B, analytical SEC. C, SDS-PAGE. M, marker; NR, non-reducing conditions; R, reducing conditions. Blue and red numbers indicate apparent molecular mass in kDa. D, LC/ESI mass spectra.
The targeted assembly of antibody products upon antigen binding represents a novel strategy for the reconstitution of potent therapeutic activity at the site of disease, sparing healthy tissues. We demonstrate that interleukin-12, a heterodimeric pro-inflammatory cytokine consisting of the disulfide-linked p40 and p35 subunits, can be reconstituted by sequential reassembly of fusion proteins based on antibody fragments and interleukin-12 subunit mutants. Analysis of the immunostimulatory properties of interleukin-12 and its derivatives surprisingly revealed that the mutated p35 subunit partially retained the activity of the parental cytokine, whereas the p40 subunit alone was not able to stimulate T cells or natural killer cells. The concept of stepwise antibody-based reassembly of split cytokines could be useful for the development of other anticancer therapeutics with improved safety and tolerability.
Many pharmaceutical agents, including anticancer drugs, cause undesired toxicities to normal tissues, which prevent dose escalation to therapeutically active regimens. Paul Ehrlich's dream of a magic bullet ("Zauberkugel"), a molecule that would display toxic activity only upon binding to a target cell of interest, has to some extent been realized by the development of monoclonal antibodies directed against cell surface antigens, as these therapeutic products may preferentially redirect the cytotoxic activity of certain leukocytes (e.g. natural killer cells) to antibody-coated cells. Although certain therapeutic antibodies specific to leukemia and lymphoma antigens have demonstrated a potential to induce cancer cures in mice and humans (1) (2) (3) , this pharmaceutical strategy appears to be less efficient for solid tumors and rarely leads to complete responses (4 -6) . To improve the therapeutic activity of anticancer monoclonal antibodies, various types of antibody derivatives have been developed, including antibody-drug conjugates, bispecific antibodies, and antibody-cytokine fusion proteins (7) . However, all of these classes of "armed" antibody therapeutics lead to substantial toxicities upon systemic administration (8 -10) .
In principle, an ideal biopharmaceutical agent would display no toxicity when injected into the bloodstream, but should regain potent therapeutic activity upon binding to its antigen expressed on target cells. The targeted reassembly of a bioactive cytokine payload from two split cytokine constituents represents a new immunotherapeutic strategy, which could potentially accomplish this goal. The reconstitution of protein activity from two fragments has been demonstrated in vitro for a variety of proteins. For example, the enzyme ribonuclease H or green fluorescent proteins have been engineered into split proteins (11, 12) , and experimental techniques that rely on protein fragment complementation have become useful tools for the study of protein interactions (13, 14) . The concept of reconstituting therapeutic activity at the site of disease ("activity on demand") has been pursued with various experimental implementations, ranging from the antigen-restricted complementation of a tri-specific antibody to the tetrazine-triggered release of drug payloads from antibody-drug conjugates (15, 16) . The practical implementation of these strategies may be hindered by the fact that the reconstitution of activity at the site of disease requires relatively high local concentrations of the interaction (or reaction) partners.
Pro-inflammatory cytokines are potent activators of the immune system that have been considered for cancer therapy. Indeed, recombinant versions of interleukin-2 (IL2), interferon-␣ (IFN␣), and tumor necrosis factor (TNF) have received marketing authorization for the treatment of certain types of malignancies (17) . However, already at low doses, these biopharmaceuticals can cause systemic activation of immune cells or the endothelium, leading to cytokine release and vascular leakage. These off-target effects are clinically manifested by flulike symptoms and hypotension, which often prevent the escalation to therapeutically active doses (18) . Recombinant IL2 can be administered at doses up to 800 million IU for only 1-2 weeks and only to young cancer patients, who are in a relatively good state of health. The treatment still leads to substantial systemic side effects but also to long-term remissions in ϳ10% of patients with renal cell carcinoma or with metastatic melanoma (19 -21) . Similarly, the recommended doses for systemic administration of IFN␣ and TNF are typically lower than 1 mg due to dose-limiting toxicities (18, 22) .
Interleukin-12 (IL12), one of the most active cytokine products described so far, could be administered to cancer patients only at a dose of 500 ng/kg twice weekly (23) . At this dose, IL12 exhibits only modest antitumor activity and may cause strong side effects primarily related to systemic IFN␥ release, which have even led to fatal toxicities in a Phase II clinical trial (24) . For these reasons, clinical investigations of IL12-based biopharmaceuticals have been largely abandoned until now despite promising preclinical data.
To improve the therapeutic index of cytokines for cancer therapy, tumor-homing antibody-cytokine fusion proteins (also termed "immunocytokines") have been investigated. Studies on syngeneic mouse models of different types of solid tumors and hematological malignancies could demonstrate that immunocytokines can indeed substantially increase the therapeutic index of the corresponding cytokine payloads (25) . For the most promising products, the gain in therapeutic activity could be attributed to a preferential localization at the site of disease (26 -28) . However, immunocytokines normally retain full cytokine activity in vitro, and cytokine-induced toxicity is mainly associated with peak concentrations of the corresponding cytokine-based pharmaceutical, which are reached shortly upon intravenous injection (8) . Immunocytokines therefore often display similar side effect profiles as the parental cytokines.
An ideal immunocytokine product would display potent activity only at the site of disease, but not when the protein circulates in blood. In this study, we propose a new strategy for the development of antibody-cytokine fusions with activity on demand, based on the stepwise reassembly of cytokine subunits at the site of disease. Interleukin-12 lends itself for this purpose because of its heterodimeric architecture (29) . Human IL12 exhibits structural similarity to a class I cytokine-receptor complex. The p35 subunit is homologous to IL6, whereas p40 exhibits homology to the IL6 receptor ␣ (29). However, the functional contribution of the individual subunits to IL12 activity has so far been elusive because p35 is only secreted when coexpressed with p40 (30) .
Fusion proteins based on bivalent antibody fragments of the F8 antibody, with specificity to the alternatively spliced extradomain A (EDA) 3 domain of fibronectin, can efficiently accumulate on the subendothelial extracellular matrix of the tumor neovasculature, while being rapidly cleared from circulation (31) . The selective antibody uptake in different tissues or blood can be expressed as the percentage of injected dose per gram (%ID/g) at various time points. Earlier studies on mouse IL12based antibody fusion proteins had revealed a preferential accumulation at the tumor site (32) . Additionally, certain IL12based immunocytokines, targeting splice isoforms of fibronectin, are potently active against aggressive mouse models of cancer (26, (32) (33) (34) .
Within these studies, we have shown that fusion proteins, consisting of antibodies fused to mutants of the p40 and p35 subunits of mouse IL12, could selectively reassemble after product binding to the target antigen in vitro. Furthermore, these split cytokine fusion proteins were able to preferentially localize to the tumor site. Unexpectedly, we observed that antibody fusions of p35S partially retained the ability to activate CD4 ϩ T cells, CD8 ϩ T cells, and natural killer cells.
Results
Pharmaceutical Strategy-The hypothetical graph in Fig. 1 depicts the general pharmaceutical strategy for the antibodybased stepwise reassembly of a split cytokine at the site of disease, exemplified with heterodimeric IL12. In a first step, a bivalent p35S-based antibody fusion protein (F8-p35S-F8) is injected and allowed to selectively bind to its antigen in vivo. Once a suitable selectivity has been achieved, a second injection of a fusion protein based on the complementary p40S subunit could lead to the reconstitution of cytokine activity at the site of disease. The order and timing of the injections could be chosen on the basis of the pharmacokinetic profiles of the individual split protein fusions, to minimize reassembly in the bloodstream.
Protein Production and Characterization-The p40 subunit of IL12 is known to be secreted independently of p35 in mice (35) and patients during inflammatory conditions (36, 37) and has been produced recombinantly as mixtures of monomers and dimers (38) . Homodimeric p40 is covalently linked via a disulfide bond and has the ability to antagonize IL12 by competing for IL12 receptor binding. We sought to produce monomeric p40 by mutating the cysteine at position 197 by a C197S substitution (p40S). Likewise, a C92S substitution was performed for p35 (p35S). Previous mutational studies have revealed that the intermolecular disulfide bond is not needed to form active IL12 heterodimers (29) . We found that the same is also applicable to mutated murine IL12 subunits, which have an amino acid sequence homology of 60% in the case of p35 and 70% in the case of p40 when compared with their human homologs (39) . Although this initial test could be performed with His-tagged IL12 mutant subunits, low expression yields prevented further analysis. The genetic fusion to single-chain variable fragments (scFv) greatly enhanced the expression of soluble homogenous monomeric p40S preparations in CHO-S cells (Fig. 2) . The mass differences observed by electrospray ionization/liquid chromatography-mass spectroscopy (ESI/LC-MS) indicate the presence of different glycoforms. Earlier studies on recombinant IL12 stated that an N-terminal antibody fusion to the p40 subunit may interfere with the biological activity of the IL12 payload (32, 40) . To further investigate this aspect, fusion proteins with p40S at the N-or C-terminal extremity of scFv antibody fragments (KSF-p40S and p40S-KSF) were produced and purified to homogeneity (supplemental Fig. 1) .
In contrast to p40S, the expression and isolation of the mutated p35S subunit from eukaryotic cells presented a major challenge that has not been reported in the literature before. The biosynthesis and secretion of p35 are known to rely on the intracellular interaction with p40 and are most efficient in the presence of an excess of p40 (30) . We therefore investigated whether it would be possible to express mutated p35S by transient gene expression in a stable CHO cell line previously transfected with p40. The p40 variant used for this expression strategy did not feature a purification tag and only served as a "chaperone" for the expression of p35S. Although His-tagged p35S or fusion proteins of wild-type p35 could only be isolated as aggregates, the fusion of the p35S mutant to antibody fragments greatly improved solubility and production yields. The sequential arrangement of two scFv(F8) moieties to both ter-mini of p35S resulted in a highly stable F8-p35S-F8 fusion protein, with a suitable biochemical quality (Fig. 2) for protein reassembly experiments and in vivo studies.
To evaluate the targeting performance of purified IL12 subunit derivatives, quantitative biodistribution experiments were performed. A bivalent scFv(F8)-based fusion protein format was chosen for both IL12-derived subunit fusion proteins. The ability of F8-p35S-F8 and F8-p40S-F8 to bind with high affinity to the cognate EDA domain of fibronectin was confirmed by surface plasmon resonance (SPR) (Fig. 3A) , while tumor targeting properties were evaluated by quantitative biodistribution analysis in mice bearing murine F9 teratocarcinomas (Fig. 3B) . A preferential tumor uptake for F8-p35S-F8 as well as for F8-p40S-F8 was observed 24 h after intravenous administration, with average tumor-to-blood ratios of 6.7 and 8.4, respectively.
In Vitro Reconstitution of IL12-Different scFv antibody fragments, namely F8 (specific to EDA) and KSF (irrelevant specificity), were chosen as fusion partners for p35S and p40S, respectively, to test the in vitro reconstitution of heterodimeric IL12 in an SPR-based ligand capture experiment (Fig. 4A) . In a first step, F8-p35S-F8 was immobilized by binding to the cognate antigen (an EDA-containing recombinant fragment of fibronectin) on an SPR sensor chip (Fig. 4B) . A subsequent injection of the p40S-KSF or KSF-p40S fusion proteins led to the association with p35S and thus the formation of non-covalent heterodimeric IL12 moieties. The dissociation constants (K D ) for the resulting heterodimers, calculated by fitting the sensorgrams of Fig. 4C , were 21.9 nM for p40S-KSF and 27.3 nM for KSF-p40S, respectively. Importantly, a trimeric scFv(KSF) fusion protein of TNF, which served as a negative control, did not exhibit detectable SPR binding, confirming that the assem-bly process relied on the interaction between the p35S and p40S subunits (Fig. 4B ).
Next, we assessed the biological activity of the reconstituted IL12 complexes in vitro. Using freshly isolated mouse splenocytes, equimolar mixtures of F8-p35S-F8 and KSF-p40S or p40S-KSF were able to induce IFN␥ production in these cells, as shown in Fig. 5A . All fusion proteins had endotoxin levels below 0.5 endotoxin units/ml. The half-maximal effective concentrations (EC 50 ) for the reconstituted IL12 moieties were 10 -100 times lower when compared with wild-type IL12. Unexpectedly, we observed that fusion proteins containing only the p35S subunit retained the ability to induce IFN␥ production, when tested as a single agent. By contrast, neither KSF-p40S nor p40S-KSF alone induced measurable IFN␥ levels. To gain additional evidence for the single agent activity of F8-p35S-F8, phosphorylation of the signal transducer and activator of transcription 4 (STAT4 or pSTAT4) was assessed. Again, we compared in vitro reconstituted IL12 split cytokine mixtures with the individual mutant subunit fusion proteins. Maximal pSTAT4 levels were reached 20 -25 min after stimulation with functional IL12 derivatives. Phosphorylation of STAT4 was measured in natu-ral killer cells, as well as in activated CD4 ϩ and CD8 ϩ T cells (Fig. 5B ). The single-agent activity of F8-p35S-F8 observed in the IFN␥ release assay was confirmed in all analyzed cell populations. The data indicate that F8-p35S-F8 alone is able to bind to the murine IL12 receptor ␤2 (IL12R␤2), which is required for IL12-induced STAT4 phosphorylation (41) . Flow cytometry histograms are given in supplemental Fig. 2 .
Discussion
Antibody-cytokine fusion proteins represent a promising class of biopharmaceutical agents (42) , whose clinical potential is limited by toxicity associated with the cytokine payload. Strategies aimed at the reconstitution of cytokine activity at the site of disease may facilitate the development of better tolerated immunomodulatory products. In this study, we have shown that the reconstitution of a heterodimeric non-covalent IL12 complex can be achieved in vitro, using mutant subunit fusion proteins. Mutation of critical cysteine residues, in the p40-p35 interface, allowed the production of split cytokine fusion proteins, which could be purified to homogeneity, eluted as a single peak in gel filtration chromatography, and retained full antigen binding activity. Notably, fusion proteins containing wild-type p35 expressed poorly and could not be produced in a non-aggregated form, whereas C92S-substituted p35S allowed the isolation of monomeric F8-p35S-F8. Both split cytokine fusion protein products were able to preferentially accumulate at the tumor site, when studied by quantitative biodistribution analysis in mice bearing F9 teratocarcinomas.
Although the reassembly of IL12 subunits was successfully demonstrated in vitro, we discovered that the p35 moiety retained a substantial portion of IL12 activity when used as a single agent. F8-p35S-F8 was the only split immunocytokine with the ability to induce IFN␥ release in splenocytes. The short stimulation time (25 min) for the STAT4 phosphorylation assay indicates a direct STAT4-signaling activity of F8-p35S-F8. Our data and previous studies on mouse IL12 receptor knock-out mice (41) suggest that F8-p35S-F8 can bind to IL12R␤2, triggering STAT4 phosphorylation. From a structural viewpoint, IL12 resembles a soluble cytokine-receptor complex (29) , in which signaling events are mainly mediated by the p35 subunit. Although p40 contributes to biological activity, the p40 subunit alone does not trigger STAT4 signaling (43, 44) .
For targeted activity on demand applications, the individual split cytokine fusion proteins should be less active than the reconstituted cytokine complex. Consequently, IL12 may not be ideally suited for split cytokine reassembly in vivo. However, the strategy outlined in this study could be applicable to other cytokines or bioactive proteins consisting of more than one protein domain.
A number of other cytokine-based pharmaceutical strategies, which are in principle also applicable to p35S, could be considered to achieve conditional activity at the tumor site. Inactive cytokine precursors relying on proteolytic processing at the site of disease for activation could be used as immunocytokine payloads. This strategy has been successfully implemented for monoclonal antibodies, leading to an improved therapeutic index in mice (45) . Alternatively, the receptor binding sites of cytokines may be masked by inhibitory cytokinedirected antibodies, thus delaying biological activity in vivo. Masking specific cytokine epitopes has also been used to direct cytokine activity toward certain immune cell subtypes, e.g. CD8 ϩ or regulatory T cells in the case of IL2 (46) . Another recently described approach employs antibody-IL2 fusion proteins, in which the biological activity of the cytokine moiety is modulated by antibody-to-antigen binding. This "allosteric" modulation can be explained by the hinge movement of the Fab arms of the antibody upon antigen engagement and by strategic positioning of the IL2 moiety at the C-terminal end of the light chain (47) .
The discovery that p35S retains partial IL12 activity may also be advantageous for IL12-based pharmacodelivery applications, considering the exceptionally high biological activity of this cytokine. Recent studies on IFN␣-based immunocytokines have revealed that attenuated receptor binding affinities can result in improved target cell selectivity (48) , which may reduce off-target toxicity in vivo. In the future, immunocytokines with reduced biological activities may facilitate the administration of antibody products at optimal doses for selective in vivo pharmacodelivery applications.
Experimental Procedures
Cloning and Site-specific Mutagenesis-Recombinant genes of mouse IL12 (GenBank TM Accession Numbers: M86672.1 and M86671.1) subunit-antibody fusion proteins were created by PCR assembly as described before (49) . Briefly, scFv fragments of the previously published human F8 and KSF antibod-ies were genetically fused to either the C-terminal and/or the N-terminal end of the p35 or p40 subunits of IL12 via a flexible (Gly 4 Ser) 3 amino acid linker. The assembled fusion protein genes were cloned into a pcDNA3.1(ϩ) vector (Thermo Scientific) using restriction endonucleases (New England Biolabs). Site-directed mutagenesis of the cysteines, normally involved in the intermolecular disulfide bond between p35 and p40, was accomplished using the method described in Ref. 50 with the help of Phusion DNA polymerase and the restriction enzyme DpnI (both from New England Biolabs). Homologous recombination and production of the mutated plasmids were achieved in chemically competent Escherichia coli TOP10 cells (Thermo Scientific). Specifically, a C92S substitution in the case of the p35 subunit and a C197S substitution for p40 (numbering based on the UniProt database) were introduced. For simplicity, the resulting split cytokine fusion proteins scFv (F8)-p35:C92S-scFv(F8), scFv(KSF)-p40:C197S, p40:C197S- Targeted Reassembly of Split Cytokines scFv(KSF), and scFv(F8)-p40:C197S-scFv(F8) are herein denoted as F8-p35S-F8, KSF-p40S, p40S-KSF, and F8-p40S-F8, respectively. Likewise, the scFv(F8)-IL12-scFv(F8) fusion protein, containing the previously described single-chain mouse IL12 variant (40) , is denoted as F8-IL12-F8. Recombinant wildtype mouse interleukin-12 is abbreviated as IL12.
Protein Production-IL12 antibody fusion proteins derived from mutated p40 and single-chain IL12 were produced by transient gene expression in CHO-S cells (Thermo Scientific) and purified by protein A affinity chromatography as described in Ref. 49 . By contrast, the p35 subunit is not secreted in the absence of p40, and transient gene expression could therefore only be achieved in a stable cell line constitutively expressing p40 (wild-type variant without purification tag). Subsequent protein A affinity chromatography allowed complete removal of p40 and thus the isolation of F8-p35S-F8. Protein aggregates were removed by preparative size-exclusion chromatography (SEC) using an ÄKTA purifier FPLC system and a Superdex S200 column (GE Healthcare) according to the manufacturer's instructions.
Protein Characterization-Analytical SEC of purified samples (10 -20 g) was run on the same ÄKTA system and SEC column as the preparative SEC runs. Protein samples (2-4 g) were analyzed by SDS-PAGE using the NuPAGE Novex Gel System (Thermo Scientific) according to the manufacturer's instructions. PageRuler TM Plus Prestained Protein Ladder (Thermo Scientific) was used as a marker. The identity of fusion proteins was confirmed by ESI/LC-MS with an ACQUITY UPLC H class system equipped with an ACQUITY BEH300 C4 column (2.1 ϫ 50 mm, 1.7-m particle size) sequentially coupled to a Waters Xevo G2-XS QTof ESI mass analyzer. Endotoxin levels were quantified with the Pierce TM LAL Chromogenic Endotoxin Quantitation Kit (Thermo Scientific).
Binding Kinetics-Antigen binding of the F8-p35S-F8 and F8-p40S-F8 preparations tested in vivo was analyzed by SPR with a Biacore S200 using a CM5 sensor chip (GE Healthcare) initially coated with 960 resonance units of antigen (an EDAcontaining recombinant fragment of fibronectin). IL12 subunit reconstitution was investigated in a ligand capture experiment on the same sensor chip using F8-p35S-F8 as capture ligand and serial dilutions of p40S-KSF or KSF-p40S fusion proteins as analytes. Trimeric scFv(KSF)-TNF (KSF-TNF) was used as a negative control. KSF-p40S was analyzed on the same sensor chip as p40S-KSF and KSF-TNF but at a later time point.
Bioactivity Assays-IL12 subunit derivatives were subjected to two different bioactivity assays. First, a splenocyte/IFN␥ release assay was performed. Splenocytes were isolated from freshly dissected spleens of BL/6 mice, which served as PBS control mice in Lewis lung carcinoma therapy experiments (Animal Experimental License 27/2015, Cantonal Veterinary Authority of Zürich, Switzerland). After red blood cell lysis, the isolated cells were resuspended at a concentration of 5 ϫ 10 6 /ml in RPMI medium containing 10% fetal bovine serum (Thermo Scientific), 10,000 units/ml penicillin, 10 mg/ml streptomycin, 25 g/ml amphotericin (Antibiotic-Antimycotic supplement, Thermo Scientific), and 5 mM ␤-mercaptoethanol (Sigma-Aldrich) before an incubation period of 2 h at 37°C and 5% CO 2 . Serial dilutions of recombinant mouse IL12 (Pepro-Tech), which served as positive control, and IL12 subunit derivatives were added followed by an incubation period of 48 h at 37°C and 5% CO 2 . Cultured supernatants were analyzed by a sandwich enzyme-linked immunosorbent assay (ELISA) using the monoclonal anti-mouse IFN␥ antibody R4-6A2 (1:200 dilution, eBioscience) for capture and polyclonal biotinylated antimouse IFN␥ antibody 500-P119Bt (1:500 dilution, PeproTech) for detection.
The signaling capacity of IL12 derivatives was analyzed by assessing the phosphorylation state of STAT4 by flow cytometry. Splenocytes were isolated according to the procedure outlined above. IL12-induced pSTAT4 activation in natural killer cells could be directly assessed without any other stimuli than the IL12-derived mutant fusion proteins. By contrast pSTAT4 signaling in CD4 ϩ and CD8 ϩ T cells required pre-activation of splenocytes in culture flasks pre-coated with a mix of antimouse CD3 (clone 145-2C11) and CD28 (clone 37.51) antibodies (1 g/ml each, eBioscience). Sufficient pre-activation in supplemented RPMI medium was achieved after an incubation period of 48 h at 37°C and 5% CO 2 . The splenocytes (1.5 ϫ 10 6 cells/well in 100 l) were then stimulated with serial dilutions of IL12 derivatives. F8-IL12-F8 featuring single chain IL12 (34, 40) as bioactive payload was used as a positive control. After 25 min, the cells were fixed by the addition of 1.5% p-formaldehyde (Santa Cruz Biotechnology) and permeabilized with ice-cold methanol (Sigma-Aldrich). Cell type-specific surface marker staining and intracellular pSTAT4 staining were performed using the following monoclonal anti-mouse antibody-fluorophore conjugates: anti-CD8b-APC-eFluor780 (1:200 dilution, eBioscience) and anti-CD4-FITC (1:200 dilution, eBioscience) together with anti-CD3⑀-eFluor710 (1:300 dilution, eBioscience) were used to discriminate CD8 ϩ and CD4 ϩ T cells from other cells. Natural killer cells were identified within the CD3⑀negative population with anti-NK1.1-FITC (1:200 dilution, BD Biosciences), and intracellular pSTAT4 in all assayed cell populations was revealed using a monoclonal anti-pSTAT4-Alexa Fluor 647 antibody conjugate (1:50 dilution, BD Biosciences). Nonspecific mouse Fc receptor binding was prevented by the addition of anti-CD16/CD32 monoclonal antibodies (1:1000 dilution, Mouse BD Fc Block TM , BD Biosciences). The stained cell populations were analyzed on a BD FACSCanto (BD Biosciences) device using the corresponding FACSDiva software. Data analysis was performed with FlowJo (FlowJo LLC). The specificity of used monoclonal anti-pSTAT4-Alexa Fluor 647 antibody conjugate has been confirmed with a fluorescence minus one control.
Animal Experiments-Quantitative biodistribution studies were carried out as described before (49) except that Pierce Iodination Tubes (iodogen method) were used for the chemical activation of 125 I. F9 teratocarcinoma cells (2 ϫ 10 7 cells) were subcutaneously injected into the flank of female Sv129 mice (Charles River Laboratories, age: 12 weeks) 5 days before the experiment. Mice were randomized (five mice per group) and grouped to have similar tumor size distribution at the day of injection. The study was non-blinded, and no experimental data were excluded. The experiments were performed under the Animal Experimental License 27/2015 granted to Prof. Dario Neri by the Cantonal Veterinary Authority of Zurich, Switzerland.
